goals of this study were to determine the feasibility of the simulation activity, whether learning occurred in the activity, and whether students were engaged during the activity. A pretest and posttest were designed and given to participants to test knowledge and perceptions of teamwork and communication skills. This study was reviewed and exempted by the Institutional Review Board of the University of Central Florida, and students participated with informed consent.
Design of the Activity
A total of 34 undergraduate students participated in the HFPS session, and all activities were done within the Simulation Center at the University of Central Florida College of Medicine. The outline of the eight activities is shown in Fig. 1 and described as follows.
Pretest (ϳ10 min). The pretest consisted of five physiology questions targeting relevant cardiovascular and pulmonary physiology concepts (see the APPENDIX) and five team process questions selected from the TeamSTEPPS curriculum (Table 1) . Students had already had previous laboratory modules related to the simulation activities including cardiovascular hemodynamics and spirometry.
Introduction (ϳ20 min). The introduction included an introduction to the faculty members and a quick briefing on the capabilities of the manikin, the physical setting of the room, and how the vital signs were displayed on a bedside monitor. At this point, the general approach to a patient as well as the logistics of the session were discussed. For each of the manikins, there were five to six students participating in the HFPS experience and five to six students observing and monitoring teamwork and communication skills. Observers were informed that they were expected to comment on teamwork dynamics during the debriefing process.
Simulation case 1 (15 min). The first case was a preprogrammed acute asthma case available on the SimMan 3G (Laerdal Medical). The simulated patient had tachypnea, decreasing O 2 saturation, tachycardia, and hypotension. The manikin slowly decompensated as the case continued over 10 min, and faculty members facilitated students in noting changes in the patient's condition. Through the case, faculty members prompted students about what aspects of basic physiology might be pertinent in the clinical case presented. The manikin was saved by proper treatment by faculty members in every case to avoid any issues regarding death of the "patient." However, students were asked to come up with the basic physiology concept(s) to treat the patient.
Simulation case 1 debrief (25 min). In the debriefing session, the abnormal vital signs and whether the patient had a breathing or circulation problem based on the vital signs were discussed. Next, there was a discussion on the case's relation to basic physiology concepts such as the clinical relevance of the oxyhemoglobin dissociation curve. Additionally, students were asked to predict pulmonary function tests on the patient from the case. This section ended by allowing observers to discuss their view of the communication within the participating team.
Role switch. Observers and participants switch roles. Simulation case 2 (15 min). This was a hemorrhagic shock case, which was preprogrammed in the SimMan 3G. Students were presented with a patient that had tachycardia, hypotension, tachypnea, and normalized O 2 saturation. Similar to the first case, the manikin decompensated slowly over 10 min to facilitate discussion of the changing clinical condition, and every patient was saved by proper treatment. Faculty members aided by prompting students about topics such as preload, venous return, and stroke volume.
Simulation case 2 debrief (25 min). During the final debriefing session, the abnormal vital signs and whether the patient had a breathing or circulation problem were again addressed. The relationship of the relevant basic physiology concepts, such as preload, stroke volume, and cardiac output, were discussed to promote understanding of the vital signs associated with hemorrhagic shock. The hemodynamic version of Ohm's law (mean arterial pressure ϭ cardiac output ϫ systemic vascular resistance) was applied and related to the observed hypotension and tachycardia. The activity concluded by allowing the second set of observers to discuss their views of the communication within the participating team.
Posttest (10 min). A posttest identical to the pretest was given to assess the learning of medical physiology concepts and any changes to the perception of the importance of communication.
Evaluation of the Study
The pretest and posttest were intended to determine if undergraduate students could learn basic physiology concepts from the HFPS. The questions were therefore developed with the intention of relating basic physiology concepts to clinical medicine and were single best answer multiple-choice questions written with clinical vignettes (see the APPENDIX). Eighteen of thirty-four students successfully completed both the pretest and posttest. Twelve students arrived 5-10 min late and were allowed to take only the posttest. Four students were excluded from the study because of unclear marking of answers. Figure 2 shows the significant increase in class average between the pretests (1.72 Ϯ 0.96) and posttests (2.61 Ϯ 1.09, n ϭ 18, P Ͻ 0.005 by paired Student's t-test) of students who took both.
The five teamwork and communication questions on the pretest and posttest were modified from the validated Team-STEPPS survey (http://teamstepps.ahrq.gov/). A Likert-like scale from 1 to 5, where 1 ϭ strong disagreement to the statement, 2 ϭ disagreement, 3 ϭ neutrality, 4 ϭ agreement, or 5 ϭ strong agreement with the statement, was used on these questions. There was a significant increase in agreement on two of the five questions (Table 1 ). These data suggest that students may gain an appreciation of the importance of the teamwork and communication skills presented in the statements after the simulation activities. It is appropriate to continue to assert a concern about patient safety until you are certain that it has been heard. Values are students' mean averages Ϯ SD; n ϭ 18 students total. P values were calculated using a paired t-test. *Significance.
Conclusions
This study demonstrated that, on a small scale, it is feasible to get a positive learning effect and affect the perceptions of teamwork and communication in undergraduate biomedical sciences students using HFPS.
Feasibility of the activity. One difficult aspect of doing this activity at the University of Central Florida was the distance between the undergraduate campus and the medical school, which is ϳ20 miles. This would be a consideration for many institutions as it is common for medical schools (and the simulation centers within them) to be at a separate location from the undergraduate campus. Twelve of the thirty-four students arrived 5-10 min late for the activity due to parking, security, and directional issues, which could have been addressed more adequately before the simulation day. However, all students were able to participate in all of the activities except for the pretest.
Faculty members were more involved during the simulation activity with biomedical students than typical medical student simulation activities. For example, faculty members prompted students with more questions than a typical simulation with first-year medical students; however, this allowed for discussion of the basic science underlying the two clinical problems. Additionally, students seemed hesitant to interact with or touch the manikin, as a medical student usually does. This was not surprising as these students have no clinical training and it is most likely their first interaction with a "patient." If provided more time, it may be beneficial to introduce further sessions in which the students need to interact physically with the manikin to improve their comfort level.
Although 12 of 34 students arrived late, minor modifications, such as printed instructions on parking and clearing security issues before the simulation, could address this issue. A total of 20 min was also included in the 2-h activity for the pretests and posttests, which could be eliminated in the future. The in-person time could be used more efficiently by having the students review short online videos to introduce them to the capabilities of the manikins and appearance of the room before the simulation day. In conclusion, since all students were able to participate in the actual simulation activity and debriefing sessions, this type of activity appears to be feasible with careful attention paid to logistics such as parking and security clearance.
Learning effect of the activity. There was an increase on the posttest versus the pretest as the mean went from 1.72 Ϯ 0.96 to 2.61 Ϯ 1.09. Cohen's d calculation was 0.87, which suggests a large learning effect. The increase in score is consistent with a HFPS activity with first-year medical students in which the pretest class average increased from 42% to ϳ63% correct on the posttest (6) . Although these scores may seem minimal, it should be recognized that, in both cases, students were not prompted to the content within the cases nor were they given material to prepare. Another aspect that may compound the scores is the fact that the questions were worded as clinical vignettes and represent a different style of question than undergraduate students normally answer. Regardless, the data suggest a short-term learning effect from this activity. Future studies are needed to address whether long-term retention occurs with undergraduate students after simulation activities, which has been observed in medical students (3) .
The validated TeamSTEPPS questions were included to gauge student perceptions about some of the key areas within the TeamSTEPPS initiative. TeamSTEPPS was instrumented in healthcare settings in response to the Institute of Medicine's To Err is Human report (7) and places priority on patient safety by working to improve communication in healthcare settings. Interestingly, 10 yr after the release of the report, there was little change in patient safety (1) . Therefore, other approaches may be needed to address this, which includes potentially beginning development of communication skills at earlier stages. Since many of the students enrolled in this biomedical course plan to pursue healthcare careers in the future, this type of learning may help to provide a foundation on teamwork and communication earlier in their careers. Although there was agreement on all the statements provided, there was a significant increase in two of five statements, suggesting a firmer agreement to the statement. The fact that agreement was initially high is most likely a result of the survey design.
Faculty and student perceptions of the activity. All participating faculty members agreed that the students were heavily engaged and enthusiastic in this activity. The moments of discovery as students started to link their basic physiology knowledge to what was occurring in the patient were easily appreciated by the faculty members. After the session, almost every student walked out from the experience offering many "thank you" messages and handshakes. Student comments revealed their feelings of how the activity enhanced their learning of physiology. When a student was asked to name one thing that she learned from the HFPS activity, she commented "Integrating everything we learned in physiology and applying it in the real-world setting. I was also able to get a better understanding of the concepts covered by reviewing them." Another student stated that participation in the HFPS "provided us students a hands on approach in which we can physically perceive the aspects of the concepts or terms we were learning, and allowed for a more real world simulation, rather than one just on Powerpoint or video." Taken together, this suggests that HFPS activities provide a mechanism to apply undergraduate physiology.
Overall, it was felt that this activity was important in providing undergraduate biomedical students clinical relevance to the basic physiology that they have been learning in class. Future studies are necessary to assess longer-term learn- ing retention. It was also an opportunity to share experiences that occur at the medical school and may provide guidance to students planning to pursue healthcare careers. With the increased need for healthcare workers because of the aging population, it is vital that we encourage and stimulate interest in undergraduate students to pursue health science careers. Activities like the one described in this article may be a mechanism to engage young learners and increase enthusiasm for pursuing careers in science, technology, engineering, and mathematics.
APPENDIX

Physiology Questions From the Pretest and Posttest
Question 1. Which values represent the normal heart rate and breathing rate of an adult? A. Heart rate ϭ 75 beats/min and breathing rate ϭ 15 breaths/min B. Heart rate ϭ 120 beats/min and breathing rate ϭ 18 breaths/min C. Heart rate ϭ 75 beats/min and breathing rate ϭ 25 breaths/min D. Heart rate ϭ 135 beats/min and breathing rate ϭ 6 breaths/min E. Heart rate ϭ 65 beats/min and breathing rate ϭ 8 breaths/min F. Heart rate ϭ 110 beats/min and breathing rate ϭ 12 breaths/min Question 2. An unconscious patient is wheeled into the emergency room after complaining of chest pain to his wife. He is noted to having a heart attack (myocardial infarction). It is estimated that his cardiac output is 2.1 l/min (normal ϭ 5.0 l/min). What changes in heart rate, respiratory rate, and blood pressure are most likely in this patient compared with normal? A. Heart rate increased, respiration rate increased, and blood pressure increased B. Heart rate decreased, respiration rate decreased, and blood pressure decreased C. Heart rate increased, respiration rate increased, and blood pressure decreased D. Heart rate decreased, respiration rate decreased, and blood pressure increased E. Heart rate increased, respiration rate decreased, and blood pressure increased F. Heart rate decreased, respiration rate increased, and blood presssure decreased A. 
